The dynamics and function of proteins were shown to be coupled to motions in the bulk solvent and the hydration shell [1] . Therein, three types of protein motions were identified: (i) Those that are coupled to the dielectric fluctuations in the bulk solvent, mainly associated with the few, large-scale conformational changes such as the entrance and exit of ligands; (ii) hydration-shell coupled motions, most likely involving sidechains [2, 3] and permitting processes such as the passage of ligands inside the protein; and (iii) vibrational motions that are only coupled to the internal dynamics of the protein molecule.
In our previous work we have investigated the temperature dependent thermodynamical and dynamical properties of the protein dynamical transition through molecular dynamics simulations [4] [5] [6] . We have characterized the dynamical transition using different approaches, and proposed that with the onset of the transition, an insertion of time scales occurs, due to the motions in item (ii), that operate between the slow mode motions of the protein and fast vibrational dynamics, outlined above in items (i) and (iii), respectively [5] . Recently we have shown that the compensation of entropic-energetic contributions from the proteincoupled vicinal layer quantifies the scaling of the dynamical transition temperatures in various solvents [6] .
Here, we elucidate the physics of the dynamical transition via 10 -100 ns long molecular dynamics simulations at a series of temperatures (spanning 160-300 K) where the protein retains its native structure. By tracking the energy fluctuations, we show that the protein dynamical transition is marked by a cross-over from a piecewise stationary to stationary set of processes that underlie the dynamics of protein motions in the water environment. We find that a two-time-scale function captures the non-exponential character of backbone structural relaxations. One is attributed to the collective protein motions and the other to local relaxations. The former is well-defined by a single-exponential, nanosecond decay that is operative at all temperatures. The latter is described by a large number of single-exponential motions that display a distribution of time-scales. The collective motions are found to impose bounds on the time-scales spanned by the local dynamical processes, although they are not directly involved in the transition. The piecewise stationary character below the transition implicates the presence of a collection of sub-states whose intercommunication is restricted. The ineffectiveness of these sub-states to influence the overall relaxation time is shown to require a wide distribution of local motion time-scales, extending well beyond that of nanoseconds. At physiological temperatures, on the other hand, local motions are confined to time-scales faster than nanoseconds. This relatively narrow window makes possible the appearance of multiple channels for the backbone dynamics to operate, providing alternative routes for protein functionality. We have further quantified the dependence of the relaxation times of biological water on the neighboring residue types and their local coordination in the folded protein. We find that the dynamics of the dipoles of hydration water in the vicinal layer are highly coupled to that of the backbone relaxations of close-by residues.
